The primary aim of the disease management program (DMP) for patients with asthma is to improve health outcomes and to reduce costs. Five years after its introduction in Germany, no consensus has yet been reached as to whether DMP has been effective in reaching these goals. OBJECTIVE: To evaluate the DMP for asthma in Bavaria using routinely collected subject medical records. METHODS: A longitudinal population-based study encompassing over 100,000 DMP participants between 2006 (when the program began) and 2010. RESULTS: The prescription rate of oral corticosteroids dropped from 15.7% in 2006 to 13.6% in 2007, and again from 7.5% in 2008 to 5.9% in 2010 (P < .001). The proportion of subjects with asthma selfmanagement education increased from 4.4% to 23.4% (P < .001). Utilization of an individual asthma action plan increased from 40.3% to 69.3% (P < .001). Hospitalization decreased from 2.8% to 0.7% (P < .001). CONCLUSIONS: In the first 4 years of DMP there was an improvement in pharmacotherapy and patient self management. The proportion of subjects requiring hospitalization decreased. Our results suggest that the German DMP for asthma has been effective in enhancing the quality of care in regard to an improved symptom frequency, adherence to guidelines, pharmacotherapy, and hospitalization.
Introduction
The German disease management programs (DMPs) were introduced in 2003. Currently, more than 6 million statutorily insured patients in Germany are enrolled in one of the 6 DMPs. 1 To date DMPS have been introduced for patients with breast cancer, diabetes type 1 and type 2, coronary heart disease, asthma, and COPD.
Various studies suggest that the German DMPs have improved the quality of care for diabetes [2] [3] [4] and coronary artery disease. 5 As yet, however, the DMP for asthma patients has not been broadly evaluated. A retrospective matched cohort study conducted by Windt and Glaeske 6 showed that the impact of a DMP for asthma was weak with respect to clinically relevant end points, but found evidence that pharmacotherapy was more guideline-adherent within the DMP.
In general, studies investigating the utility of asthma DMPs have come to varying conclusions. Maciejewski et al found that there are only a few relevant studies exhibiting both good design and rigorous statistical evaluation. After reviewing more than 29 papers, they stated that the evidence is still insufficient to recommend a DMP for asthma. 7 Other research has indicated that since the introduction of DMPs in the United States during the 1990s, there have been improvements in processes of care and disease control. However, conclusive support for DMP effects on health outcomes has been lacking. 8 Similar findings were reported in the Netherlands by Steuten et al, who followed up on 658 patients after 1 year of DMP. 9 The generalizability of this result is questionable, having been conducted in a small group of general practices with trained nurse practitioners for asthma. An earlier Cochrane review 10 examined the effectiveness of education programs for asthma, concluding that self-management education for adults improves health outcomes. A study from the United States found that participants in an asthma intervention program experienced an improvement in their asthma control, resulting in reduced hospitalization and substantial cost savings. 11 Nevertheless, the effectiveness of a DMP for asthma in a large population remains unclear.
A central intention of the German DMP was to introduce a data-driven system for continuous quality improvement. 12 To this end, relevant data on each subject are collected in a standardized manner for evaluation and quality improvement purposes. The present investigation aimed to assess whether key indicators of quality improved during the first 4 years of the asthma DMP in Bavaria.
Methods

The German DMP for Asthma
In 2001, a committee of experts reporting to the German Federal Ministry of Health criticized overuse, underuse, and misuse in the care of chronically ill patients, including those with asthma. 13 A DMP was suggested as a quality program to facilitate the continuous improvement of this care. As a result, the DMP for asthma was developed by the federal joint committee Gemeinsamer Bundesausschuss, and introduced in Bavaria on April 1, 2006 . The aim was to improve care by establishing standards for diagnosis, treatment, documentation, quality assurance, and referral; and by enhancing active patient participation. In parallel to the introduction of DMP, the national asthma guideline for the German healthcare system 14 was developed and brought into effect.
In order to enroll a patient into the asthma DMP the diagnosis must first be confirmed and documented by the coordinating general practitioner, according to the guidelines. 14 Participating subjects receive a check-up at their coordinating general practice either quarterly or half-yearly. The check-up interval is decided by the physician, based on symptom severity and overall patient health. A reminder system for subjects and practices helps ensure that these regular consultations are not overlooked. Health insurance companies support their patients by supplying information to assist self-management and by providing monetary and other incentives (eg, waiving the quarterly consultation fee of €10 that is usually payable when visiting a general practitioner).
Subjects must be treated according to evidence-based guidelines. A standardized medical record is created at each check-up and submitted to various official agencies for quality assurance purposes. This includes details of the physical examination, peak expiratory flow measurements, medical history, symptom frequency, asthmarelated medication, patient education, patient-specific treatment goals such as smoking cessation, preparation of an individual action plan, documentation of hospitalization or emergency treatment, and referrals to a pulmonologist.
The asthma DMP was underpinned by the introduction of additional quality improvement measures. General practitioners receive half-yearly feedback reports to benchmark their performance on the basis of quality indicators (eg, hospitalization rates, usage of action plans, and the use of inhaled corticosteroids [ICS] as the primary controller medication). Additionally, participating general practitioners are obliged to complete asthma-specific continuing medical education at least once every 3 years. These are provided by various commercial and non-profit organizations, including the National Association of Statutory Health Insurance Physicians of Bavaria (Kassenärztliche Vereinigung Bayerns). Finally, the Kassenärzt-liche Vereinigung Bayerns utilizes CME events and its members' journal to engage coordinating physicians in the process of quality improvement, for example, by promoting and distributing a model action plan for patients. 15 
Statistical Evaluation
The Kassenärztliche Vereinigung Bayerns analyzed more than one million DMP anonymous patient records, with each subject identified by a unique pseudonym. Statistical trend analyses were calculated using the Cochran-
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Armitage test for trend 16, 17 and the chi-square test. A separate cohort analysis, including an evaluation of possible drop-out bias, was conducted to assess whether the symptom frequency of individual DMP participants had improved over time. The cohort was composed of all participants enrolled in the second half of 2006 and followed through to the end of 2010. The study was approved by the medical ethics committee of the university hospital, Klinikum Rechts der Isar, München, Germany. Statistical analysis was conducted with statistics software (R, R Foundation for Statistical Computing, Vienna, Austria), 18 with the TraMineR package for sequence analysis of the cohort. 19 
Results
Since the introduction of DMP, the number of participating subjects has increased steadily. Whereas in the first year, 2006, only 20,982 subjects were enrolled, there was a 5-fold increase over the first 4 years ( Table 1 ). The distribution of age and sex remained more or less constant over the entire observation period.
Both the proportion of smokers and the proportion with accompanying COPD saw significant declining trends over the observational period (Cochran-Armitage test for trend for smokers P Ͻ .001, accompanying COPD P ϭ .03).
The number of participating physicians increased from 5,712 when the program began, to 9,021 in 2010. These were predominantly general practitioners (90%), followed by pediatricians (8%) and pulmonologists in private practice (2%).
Analysis of the prescribed medications reveals a number of distinct findings ( Table 2 ). The most demonstrative result is a clear declining trend in the prescription of oral corticosteroids. Whereas in 2006 up to 15.7% of all participants used oral corticosteroids, by 2010 this had been reduced to 5.9% (P Ͻ .001). This result may, however, have been influenced by a change in the way oral steroids are documented. From the start of the program until June 30, 2008 , the standardized documentation distinguished between oral steroids as a continuous controller medication and as a reliever for use during exacerbations. In order to simplify the documentation, this distinction was removed, effective July 1, 2008 . Notwithstanding the effect of this (Fig. 1) , and as such is unlikely to be an artifact caused by an increasing proportion of subjects with less severe symptoms. The use of ICS remained stable, at around 73%, with a small initial reduction from 75% being most likely due to more severely ill subjects being recruited in the initial stages of the program. The prescription of short-acting ␤ 2 agonists, the most commonly used drug besides ICS, declined from 79.0% to 72.4%. In contrast, the use of longacting ␤ 2 agonists (LABAs) rose from 53.9% to 56.8%. Remarkably, LABA monotherapy rose slightly, from 2.1% to 3.5%. The portion of subjects with other medications (eg, xanthine derivatives and leukotriene-modifying agents) was also reduced over the period of observation, although again this may in part be due to changes in the standardized documentation. Table 2 shows that the proportion of subjects with a personalized action plan rose significantly, from 40.3% to 69.3% (P Ͻ .001). The proportion of subjects with self management education increased from 4.4% to 23.4% (P Ͻ .001). At the same time, there was a significant reduction in the rate of hospitalization, from 2.8% to 0.7% (P Ͻ .001). Table 3 summarizes the distribution of symptom frequency of all participants, revealing that the proportion of subjects without symptoms almost doubled over the course of the observation period. At the same time, the proportion of subjects with daily and weekly symptoms decreased. The Cochran-Armitage test for trend confirmed the statistical significance of these findings (P Ͻ .001). The proportion of subjects with less than weekly symptoms remained constant, at approximately 43%. In order to rule out the possibility that the observed improvement in symptom frequency was caused merely by the enrolment of subjects with less severe asthma into the program, a cohort analysis was devised to take such potential biases into account.
The cohort analysis observed 18,903 participants enrolled in the second half of 2006. This cohort was considered to be the largest and most representative group, with the longest possible observation period. The question of interest was whether these subjects had experienced an improvement in symptom frequency over the course of their participation in the DMP.
The sequence plot in Figure 2 illustrates the symptom frequency for each individual over time. Subjects are sorted according to their symptom frequency at the beginning and end of the observational period, revealing an increase in the prevalence of mild symptoms (green area) and a decrease of severe symptoms (yellow area). This effect was significant by the Cochran-Armitage test (P Ͻ .001).
For subjects still present at the end of the follow-up, Table 4 compares the symptom frequency in 2006 with that at the end of 2010. The proportion of subjects whose symptoms improved is remarkably higher than the proportion experiencing a deterioration (P Ͻ .001, chi-square test). This is particularly striking when the 5,417 subjects with unchanged mild symptoms (less than weekly or no symptoms) are considered, for whom a decrease in symptom severity is not to be expected. As visualized by the even distribution of white space in Figure 2 , drop-outs are equally likely to belong to each of the 4 initial symptom groups (chi-square test P Ͻ .001).
By the end of the observation period, 5,531 members (29%) of the cohort were no longer participating in DMP and can be considered drop-outs. Table 5 repeats the analysis of Table 4 while including these dropouts on a last observation carried forward basis. The proportion of subjects whose symptoms improved over time is still significantly higher than the proportion experiencing a deterioration (chi-square test P Ͻ .001). Thus we find no evidence to suggest that the improvement in symptom frequency over time was a result of bias due to subject drop-out.
Discussion
To our knowledge, the present study represents the largest longitudinal population-based evaluation in Germany, with the number of participants rising to around 100,000 by 2010. It is the first systematic evaluation of the German DMP for asthma to be conducted independently of any one health insurance company. Our main findings are a reduced prescription of oral corticosteroids, a decreased rate of hospitalization, and an improvement in symptom frequency, together with an increased take-up of patient education and utilization of action plans.
A study by Steuten et al 9 found that the implementation of a DMP for asthma led to improvements in selfmanagement behavior, smoking status, disease-specific 
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RESPIRATORY CARE • JULY 2013 VOL 58 NO 7knowledge, patient satisfaction, and disease control. However, this was demonstrated in a selection of general practices where, among other conditions, a respiratory nurse specialist performed diagnostic and therapeutic activities to enhance patient education and self-management. Nevertheless, our results show that guideline adherence increased continuously during the period of observation, with an evolving pharmacotherapy and an increased use of patient education and action plans. The reduction in hospitalization is a further notable result. Whereas in the first year of DMP almost 3% of all participants were hospitalized at least once over a 6-month period, this was reduced to less than 1% by 2010. At the same time, the number of participants who had completed a patient education program increased 5-fold, and the utilization of individual action plans almost doubled. Gibson et al 10 have shown that self-management education for patients with asthma reduces hospitalization, emergency room visits, unscheduled visits to the general practitioner, disability, and nocturnal asthma, while improving the overall quality of life. Additionally, a meta-analysis by Lemmens et al 20 found evidence that multiple interventions led to a significant reduction in hospitalization, in comparison with routine care. The reduction in hospitalization may in turn save costs. 9 A German health insurance company (DAK Health) evaluated the data of approximately 67,000 subjects and found that the proportion of symptom-free subjects increased from 12% to 23% within 1 year. After 2 years the number of subjects with daily symptoms had decreased by around one third. 21 These results are largely corroborated by the present evaluation. Whereas in 2006 only 15% of the subjects were symptom-free, by 2010 this had increased to 26%. Over the same period the number of subjects with daily symptoms declined by around one third. The cohort analysis revealed the same significant trends and showed that this result is not to be explained by more subjects with less severe symptoms being enrolled. The results of the cohort analysis are thus sufficiently robust to state a positive health outcome during the observation. The present evaluation confirmed the positive results of previous studies, 9, 22 showing that DMPs for asthma improve disease control and therefore also enhance the health outcome of participants.
The observed improvements in asthma care may conceivably have been achieved by the accompanying quality improvement strategies, as outlined in the methods section. Individual feedback reports and medical education schemes are known to be effective in improving the quality of chronic care. [23] [24] [25] Additionally, chronic care may have been also improved by the program itself, by enhancing patient guidance mechanisms. Subjects were required to attend a consultation at least half-yearly, in order to asses the clinical symptoms and treatment effectiveness. Similarly, a randomized controlled trial conducted by Delaronde et al 26 found that a 6-month telephone-based case management intervention improved both the quality of life and the use of asthma medication. Furthermore, a matched cohort study conducted by Windt and Glaeske 6 found that the medication regimen of subjects within the DMP had a higher guideline adherence than that observed in non-participating patients. A higher guideline adherence and a decreased hospitalization were also demonstrated by Suh et al 27 in a longitudinal population-based study of a targeted asthma intervention. In addition Lutgenberg et al 28 revealed within a systematic review that evidence-based clinical guidelines are effective in improving the process and structure of care. With respect to the prescription of ICS, a European study from 1999 29 stated that only 23% of all asthma patients used ICS. Such an under-utilization of ICS was confirmed for German adolescents in a study by Langen et al. 30 Our results are, however, in accord with other investigations, 6, 23 showing that up to three quarters of all asthma patients are prescribed ICS. It has been shown beyond doubt that long-term therapy with oral corticosteroids has potentially harmful side effects and should be undertaken only after careful consideration. According to the national asthma guidelines, oral corticosteroids are admissible only as a long-term controller medication at the highest treatment level, when alternative therapy options have failed to achieve symptom control. 14 In the first 4 years of the Bavarian DMP, the proportion of prescribed oral corticosteroids was reduced significantly. These data confirm results from Suh et al, 27 who identified a similar reduction from more than 40% of patients with OCS after a comparable intervention. Likewise, Johnson et al 31 conducted a matched cohort investigation to find that participants in a DMP had a significantly lower usage of OCS than non-participants. On the other hand, Windt and Glaeske 6 observed no significant difference between DMP participants and non-participants. In their study, however, 25.6% of these DMP patients received oral corticosteroids. This seems to be a relatively high proportion, especially in comparison with the present study, perhaps indicating a tendency to include patients with more severe asthma in their study.
One cause for concern may be the increase of LABA monotherapy, from approximately 2.1% to 3.5%, which is an unexpected trend, considering that such a standalone treatment runs contrary to guidelines. It has been shown that this can lead to an increased risk of severe exacerbations, hospitalization, and even to death. Instead, a combination with an ICS should always be used. 14 National and international guidelines such as the Global Initiative for Asthma (GINA) (http://www.ginasthma.org/Guidelines/ guidelines-resources.html) explicitly state that monotherapy with LABA should be avoided, a position that has been reflected in the German national guidelines for many years. 14 Continued efforts are therefore still required to improve prescribing behavior. The main limitation of the present evaluation is the absence of a suitable control group with which to compare the effectiveness of the asthma DMP with standard care. This might have led to a selection bias toward more motivated and healthier patients. Additionally, systematic differences may exist between those general practitioners participating in the program and those who, for a variety of reasons, do not take part in DMP. The lack of a randomized controlled design thus represents an inherent limitation when assessing the effectiveness of the German DMPs, which were introduced on an almost universal basis in each German federal state. 32 On the other hand, the participation of over 100,000 subjects provides an almost unrivalled data source with which to evaluate the quality of care within DMP. This enables us to conclude with some certainty that, in the first 4 years of DMP in Bavaria, there was a reduction in the prescription of oral corticosteroids, a reduction in hospitalization, and improved symptom frequency.
Conclusions
Our results support trends found in previous investigations 10, 20 and highlight an overall improvement in the quality of care for asthma patients. Therefore, we conclude that since the implementation of the DMP for asthma in Bavaria in 2006, adherence to guidelines, symptom frequency, and pharmacotherapy have improved. The proportion of patients requiring hospitalization for asthma-related problems has decreased.
